Context: Human Natural Killer T cells are T lymphocytes that express an invariant  T cells receptors and NK cells receptors. They regulate innate and adaptive immune response but are susceptible to HIV-1 infection. Objective: We compare the frequency and the activity of NKT cells in HIV-1 and HIV-2 infected individuals with CD4 + counts greater than 500/mm 3 using flow cytometry after overnight stimulation with phytohemagglutinin (PHA). Results: The frequency of NKT cells was similar between both groups and also to sero-negative control subjects. There were also no significant differences in the proportions of total NKT cells and the CD4 + NKT subset that secreted interferon gamma (IFN-) after polyclonal stimulation. However, there was a significantly higher frequency of IFN- − CD4 + NKT cells in HIV-1-infected compared with HIV-2 infected subjects (p = 0.043). Conclusion: These data suggest there is no relationship between the functional activity of NKT cell subsets and the total NKT cell population in HIV infection. The expansion of IFN- − CD4 + NKT cells in HIV-1 infection may serve as target for viral infection and may eventually result in their depletion during chronic infection.
Introduction
Natural Killer T cells represent a small but important subset of the T-lymphocyte lineage [1] with immunoregulatory functions characteristic of both Natural Killer (NK) cells as well as T lymphocytes. They comprises less than 1% of the total lymphocyte population [2] and a significant proportion express conserved invariant  T cell receptor chains that distinguished them from T lymphocytes: this subset of NKT cells have been named type 1 NKT cells [3] . In humans, the receptors consist of V24 chains that are preferentially paired with 11 chains [4] and are able to recognise endogenous and exogenous antigens presented by CD1d molecules [5] . About 30% of NKT cells express the CD4 marker but they rarely express CD8 [6] . They also express the effector/memory phenotypes, CD45RO, suggesting that they are chronically activated by auto-antigens [7] .
NKT cells respond early in infection, as well as enhancing adaptive immunity by activating cytotoxic T lymphocytes through secretion of Th1/2 cytokines [8] , such as IFN-, TNF-, IL-4, IL-10 and IL-13 upon activation [9] . These cytokines play a critical role in regulating the immune response: secretion of IL-4 in particular inhibits Th1 responses by inducing a Th2 response [10] and the production of IFN- enhances Th1 responses resulting in an effective adaptive immune response [11] . Natural Killer T cells respond to infection in the presence of IL-2 and are stimulated to secrete IFN- which enhances the effective adaptive immune response, making them key players in viral control [12] .
Recently, it has been shown that NKT cells are susceptible to HIV-1 infection [7, 13, 14] and are significantly reduced in peripheral blood of HIV-1 infected individuals with high levels of viremia [15, 16] . CD4 + NKT cells appear to be more susceptible to infection than the conventional CD4 + T cells [13] . Thus, they are rapidly depleted during disease progression when the viral load is high, whereas CD4 − NKT cells are much less affected by HIV-1 infection.
NKT cells have not been studied in HIV-2 infection, where the majority of subjects progress slowly to disease and maintain low viral load for a decade or more [17] . We postulated NKT cells might be better preserved in HIV-2 infection and play a role in controlling viral replication low. Thus we compared the frequency of NKT cells and their ability to secrete IFN- in both HIV-1 and HIV-2 infected subjects with high CD4 + T cell count.
Methods
The Study subjects: Twenty-five HIV-1 and 25 HIV-2 subjects were recruited from a cohort of HIV infected subjects who were attending Genito-urinary medicine (GUM) clinic at the MRC Laboratories in Fajara, the Gambia [18].
Blood samples: Fifteen millilitres of blood were collected from HIV infected subjects with a CD4-T cell count of >500 cells/ul and also from 30 HIV-negative subjects who donated blood at the Royal Victoria Teaching Hospital Blood Bank, Banjul, The Gambia. Peripheral blood mononuclear cells (PBMCs) were separated from blood by high density Ficoll separation technique. The plasma viral load from the subjects were measured by reverse transcription-PCR using specific long terminal repeat primers, as described elsewhere [19] , with the lower cut-off value as 100 copies/ml.
Flow cytometry: Surface and intracellular cytokine staining were carried out using 1 million PBMCs from patients after overnight stimulation with PHA (3 mg/ml). The cells were stained for Vα24, Vβ11 (Beckman Coulters, UK), CD4 + markers and IFN- after fixation and permeabilisation. About 300,000 event were acquired with four-coloured flow cytometry and the following cell-population: total NKT cells, IFN- + CD4 − , IFN- + CD4 + and IFN- − CD4 + NKT cells were gated and analysed.
Data analysis: Statistical Analysis was performed on differences between the groups using Mann Whitney U test according to distribution of the data and presented as medians with interquartile ranges. Viral load data were log transformed and analysed by Student T tests with data presented as mean with standard error. The relationships between % total NKT cells and the subsets, % IFN-NKT, IFN-CD4 + NKT and FN- − CD4 + NKT cells, were determined by Spearman's rank order correlation.
Results
The demographic characteristic and lymphocyte subsets of HIV-1, HIV-2-infected subjects and seronegative controls are shown in Table 1 . All the infected subjects had CD4 + T cell counts above 500 cells/ul were not showing any clinical sign.
We determined the frequency of NKT cells after stimulating fresh PBMCs with 3 μg/ml of PHA and stained with anti-Vα24 and anti-Vβ11 antibodies ( Figure  1) . In order to determine the activity of NKT cells in HIV-1, HIV-2 infected subjects and HIV uninfected controls, we measured the frequency of IFN- We also wanted to find out whether all the IFN- producing NKT cells are CD4 + . We noted that some of the CD4 + NKT cells did not produce IFN-. However, the frequency of CD4 + NKT cells secreting IFN- was also On the other hand, the frequency of CD4 + NKT cells, which did not secrete IFN- were significantly higher in HIV-1 infected subjects 1.12 (0.10 -7.40)% as compare to HIV-2 infected subjects, 0.10 (0.10 -0.95)%, p = 0.043 and HIV uninfected controls 0.10 (0.10 -0.96)%, p = 0.022 (Figure 2(d) ). There was also similar percentage IFN- − CD4 + NKT cells in HIV-2 infected subjects and HIV uninfected control, p = 0.740.
We also evaluated the relationship between percent total NKT cells and their subsets in both HIV-1 and HIV-2 infected subjects to determine any association between them. There was no correlation between total NKT cells and IFN- producing NKT cells in both HIV-1 infected subjects, r = 0.096, p = 0.646 and HIV-2 infected subjects, r = 0.059, p = 0.783 ( Table 2) 
Discussion
The results of the study showed that the frequencies of circulating NKT cells as well as the proportion of NKT cells secreting IFN- are similar between HIV-1 and HIV-2 infected subjects when the CD4 + count is in the normal range. However, a significantly greater proportion of the CD4 + NKT cell subset failed to secrete IFN- in the HIV-1-infected group, compared to both HIV-2 infected subjects and the controls (Figure 2(d) ), suggesting that the functional phenotype of NKT cells differs between HIV-1 and HIV-2 infection. Early HIV-1 infection is associated with intense immune activation [20] , which results in increased T lymphocyte proliferation at the acute stage of infection [21] . Although we were unable to determine whether the infected subjects were in primary or clinically asymptomatic stage of HIV infection, NKT cells might contribute greatly to the enhanced immune action. The dynamics of NKT cell population in acute HIV infection have not yet been determined, but it might be expected that this population would expand to support the adaptive immune response [12] . The secretion of IFN- by NKT cells play a major role in bridging the gap between innate and adaptive immune response [22, 23] , and therefore important in controlling viral infection [23] . However, we found no increase in the overall numbers of circulating NKT cells in either HIV-1 or HIV-2-infected subjects in the asymptomatic phase of infection.
We also wanted to determine whether all HIV infection had an impact on the proportion of IFN- producing NKT cells that also express CD4. The CD4 molecule is the main receptor for both HIV-1 and HIV-2 to enter the cells [24] , and it has been proposed that expression of CD4 on NKT cells may lead to their preferential susceptibility to infection [13, 24] . It was shown by Motsinger et al., that CD4 + NKT cells are active in the immune response to HIV-1 infection but also serve as target cells for viral infection [7] . These cells differentiate as infection progresses which increases the pool of HIV-susceptible cells [11] . About 40% -50% of subjects in both HIV-1 and HIV-2 infected groups showed NKT cells that secrete IFN- and express CD4 + marker: there were no significant differences in the size of this population between HIV-1 and HIV-2 infection, or between HIV infected and uninfected controls.
Our principal finding was that HIV-1-infected subjects had populations of CD4 + NKT cells that could be expanded following PHA stimulation but did not produce IFN-, which were not seen in HIV-2 infected subjects matched for CD4 + count. It is plausible that increased T cell proliferation in HIV-1 infection due to immune activation may result in expansion of these populations of IFN- − CD4 + NKT cells. The plasma viral load were also significantly higher in HIV-1 compared with HIV-2 infected subjects (Figure 3 ) which could be driven by immune activation [25, 26] , that could in turn be associated with expansion of these cell subsets. Immune activation results in stimulation and expansion of NKT cells in vivo and subsequent rapid loss by apoptosis [27] . However, in vitro studies suggest that major NKT cells appear resistant to apoptosis and are capable of expanding significantly without exhibiting any antiviral effect [11] . In contrast, there was no expansion of CD4 + IFN- − NKT cells in HIV-2 infected subjects compared to HIV uninfected controls suggesting that this population is not perturbed in HIV-2 infection. Further studies are needed to show whether or not HIV-2 infects CD4 + NKT cells and whether the preservation of a normal NKT cell subsets distribution is associated with preserved function in HIV-2 infection.
NKT cells express higher levels of both CCR5 and CD4 receptors than do conventional T cells [1] and this is thought to lead to preferential infection and decreasing level of NKT cells through the course of HIV-1 infection with disease progression [7, 13, 14] . A decrease in circulating NKT cell numbers has also been noted in several other conditions such as autoimmune diseases [28] , bacterial infection [29] as well as other viral diseases [30] . However, HAART and IL-2 treatments of HIV-1 infected subjects led to an expansion in NKT cells [15, 31] which could be helpful in enhancing conventional T cells [32] . This study also showed that NKT cells could be expanded in vitro in some subjects with PHA stimulation, but the resulting population was largely CD4 + and failed to secrete IFN-, making these cells a prime target for HIV-1 infection [1] . It will be important if the expansion of NKT cells could be sustained and restore their function after treatment in HIV infection [15, 33] . ing a target for preferential virus infection. However, further studies needed to assess the actual role of NKT cells in HIV-2 infection. Interestingly, the parent virus of HIV-2, SIV from sooty mangabeys (SIVsm) does not lead to the depletion of NKT cells in infected monkeys, but this may be due to the virtual absence of CD4-expressing NKT cells in sooty mangabeys [34] .
Conclusion
Although we were not able to determine CCR5 expression on NKT cells from our study subjects, our studies have demonstrated a higher proportion of CD4 + NKT cells with impaired IFN- production in HIV-1 compared to HIV-2 infected subjects. These may serve as target cells for virus infection and replication leading to their subsequent depletion during chronic infection.
